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DESCRIPTION 
Electromagnetically Driven Valve 

5 Technical Field 

The present invention generally relates to an electromagnetically driven valve, 
and more particularly to an electromagnetically driven valve of a rotary drive type used 
in an internal combustion engine, 

10 Background Art 

As a conventional electromagnetically driven valve, for example, US patent No. 
6,467,441 specification discloses an electromagnetic actuator actuating valves of an 
internal combustion engine as a result of cooperation of electromagnetic force and a 
spring. The electromagnetic actuator disclosed in the specification is called a rotary 

15 drive type, and includes a valve having a stem and an oscillating arm having a first end 
hinged on a support fi-ame and a second end in abutment on the upper end of the stem. 

An electromagnet consisting of a core and a coil wound around the core is 
arranged above and below the oscillating arm. The electromagnetic actuator further 
includes a torsion bar provided at the first end of the oscillating arm and moving the 

20 valve toward a position of maximum opening and a helical spring arranged on an outer 
circumference of the stem and moving the valve towEird a closed position. The 
oscillating arm oscillates using the first end as a fiilcrum, in a manner alternately 
attracted to and contacted with the cores of the electromagnets arranged above and 
below the same. 

25 Japanese Patent Laying-Open No. 09-133010 discloses an apparatus for 

electromagnetically driving a valve called a parallel drive type, which aims at power 
saving and improvement in response. The apparatus for electromagnetically driving a 
valve disclosed in this pubUcation includes a valve element having a valve shaft fixed. 
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The valve shaft is connected to a ring-shaped plunger through a plunger holder. A first 
electromagnetic coil and a first core are disposed above the plunger, and a second 
electromagnetic coil and a second core are disposed below the same. An upper spring 
moving the plunger downward is disposed further above the first electromagnetic coil 
and the first core, and a lower spring moving the plunger upward is disposed fiarther 
below the second electromagnetic coil and the second core. 

In the parallel drive type apparatus, an electromagnet constituted of an 
electromagnetic coil and a core and applying electromagnetic force to the plunger, and 
an upper spring and a lower spring applying elastic force to the valve shaft are arranged 
in series in a direction in which the valve shaft extends. According to such a structure, 
the electromagnetic force and the elastic force directly act on the valve shaft, so as to 
cause the valve element to carry out reciprocating motion. 

According to the electromagnetic actuator disclosed in US patent No, 6,467,441 
specification, the oscillating arm comes in contact with an entire end surface of the core 
of the electromagnet when the oscillating arm is attracted to and contacts with the 
electromagnet. Accordingly, sound produced by collision between the oscillating arm 
and the electromagnet is great, and quietness when the electromagnetic actuator is 
driven is not satisfactory. In addition, as large repeated load is imposed on the 
oscillating arm moving at a high speed, the arm tends to be fractured in the vicinity of 
the first end. In order to solve this problem, it is possible to improve strength by 
increasing an overall thickness of the oscillating arm. In this case, however, a weight of 
the oscillating arm becomes too large, resulting in increase in energy loss. 

In addition, according to the electromagnetic actuator disclosed in US patent No. 
6,467,441 specification, collision between the oscillating arm and the core of the 
electromagnet is repeated, which results in a problem of durability of the electromagnet. 
If the core is broken, the electromagnet should be exchanged, which impairs 
maintenance performance of the electromagnetic actuator. Such a problem also occurs 
in the apparatus for electromagnetically driving a valve disclosed in Japanese Patent 



t 

wo 2006/013682 



PCT/JP2005/011491 



Laying-Open No . 09- 1 3 3 0 1 0. 

Disclosure of the Invention 

The present invention was made to solve the above-described problems, and an 
5 object of the present invention is to provide an electromagnetically driven valve attaining 
excellent quietness and durabiUty as well as reduction in energy loss. 

An electromagnetically driven valve according to the present invention includes: 
a driven valve having a valve shaft and carrying out reciprocating motion eilong a 
direction in which the valve shaft extends; a support member having an abutment surface 

10 and provided in a position spaced apart from the driven valve; an oscillating member 
extending from one end coupled to the valve shaft to the other end supported by the 
support member so as to allow free oscillation of the oscillating member; and an 
electromagnet applying electromagnetic force to the oscillating member. The oscillating 
member has a root portion formed at the other end and an arm portion formed from the 

15 root portion to one end. The electromagnet has a surface facing the arm portion. When 
the oscillating member is attracted to the electromagnet, the abutment surface abuts on 
the root portion and a gap is created between the surface and the arm portion. 

According to the electromagnetically driven valve structured as above, only the 
root portion formed at the other end comes in contact with the support member, and the 

20 arm portion formed from the root portion to one end does not come in contact with the 
electromagnet. Accordingly, sound produced when the oscillating member oscillates is 
lowered, and quietness when the electromagnetic actuator is driven can be improved. In 
addition, as the oscillating member does not come in contact with the electromagnet, the 
electromagnet is not broken due to the repeated load imposed by the oscillating member, 

25 Therefore, durability of the electromagnetically driven valve can be improved. 

Preferably, the oscillating member is formed such that the arm portion has a 
thickness smaller than that of the root portion. The term "thickness" herein refers to a 
dimension of each portion in a direction orthogonal to a surface of the electromagnet 
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when the oscillating member is attracted to the electromagnet. 

According to the electromagnetically driven valve structured as above, the 
strength of the root portion can be improved by having a relatively large thickness. This 
prevents the root portion from being broken due to the repeated load, and durability of 
the electromagnetically driven valve can further be improved. In addition, as the arm 
portion has a relatively small thickness, weight of the oscillating member can be smaller. 
In this manner, energy loss due to increase in weight of the oscillating member can be 
suppressed, and power consumed in the electromagnet can be reduced. Concurrently, 
bending moment imposed on the other end side of the oscillating member is made 
smaller, so as to prevent breakage of the root portion. 

Preferably, the root portion is formed from a material of higher strength than the 
arm portion. According to the electromagnetically driven valve structured as above, as 
the root portion receiving the repeated load is formed from a material of high strength, 
prevention of breakage of the root portion can further be ensured. 

As described above, according to the present invention, an electromagnetically 
driven valve attaining excellent quietness and durability as well as reduction in energy 
loss can be provided 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional view showing an electromagnetically driven valve 
according to a first embodiment of the present invention. 

Fig. 2 is a perspective view showing a disc in Fig. 1 . 

Fig. 3 is a schematic diagram showing the disc at an oscillation end on a valve- 
opening side. 

Fig. 4 is a schematic diagram showing the disc at an intermediate position. 
Fig. 5 is a schematic diagram showing the disc at an oscillation end on a valve- 
closing side. 

Fig. 6 is a perspective view showing a disc used in an electromagnetically driven 
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valve according to a second embodiment of the present invention. 

Fig. 7 is a cross-sectional view along the line VII-VII in Fig. 6. 

Fig. 8 is a cross-sectional view showing an electromagnetically driven valve 
according to a third embodiment of the present invention. 

Fig. 9 is a schematic diagram showing an upper disc and a lower disc at an 
oscillation end on a valve-opening side. 

Fig. 1 0 is a schematic diagram showing the upper disc and the lower disc at an 
intermediate position. 

Fig. 1 1 is a schematic diagram showing the upper disc and the lower disc at an 
oscillation end on a valve-closing side. 

Best Modes for Carrying Out the Invention 

Embodiments of the present invention will be described with reference to the 
drawings. In the drawings hereinafter, the same or corresponding elements have the 
same reference characters allotted, 

(First Embodiment) 

An electromagnetically driven valve according to the present embodiment 
implements an engine valve (an intake valve or an exhaust valve) in an internal 
combustion engine such as a gasoline engine or a diesel engine. In the present 
embodiment, description will be given assuming that the electromagnetically driven 
valve implements an intake valve, however, it is noted that the electromagnetically 
driven valve is similarly structured when it implements an exhaust valve. 

Referring to Fig. 1 , an electromagnetically driven valve 1 0 is a rotary drive type 
electromagnetically driven valve. Electromagnetically driven valve 10 includes a driven 
valve 1 4 having a stem 1 2 extending in one direction, a disc support base 5 1 provided in 
a manner aligned with stem 12 at a position spaced apart from stem 12, a disc 20 
oscillating by receiving electromagnetic force and elastic force applied thereto, 
electromagnets 30 and 35 arranged above and below disc 20 and generating the 
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electromagnetic force, and an upper spring 26 and a lower spring 54 having the elastic 
force. 

One end 22 of disc 20 abuts on a tip end of stem 12, and the other end 23 is 
coupled to disc support base 51 so as to allow free oscillation of the disc. A torsion bar 
5 implements upper spring 26, and a helical spring implements lower spring 54. Driven 
valve 1 4 carries out the reciprocating motion in the direction in which stem 1 2 extends 
(a direction shown with an arrow 103), upon receiving the oscillating movement of disc 
20. 

Driven valve 14 is mounted on a cylinder head 41 having an intake port 17 

10 formed. A valve seat 42 is provided in a position where intake port 17 of cylinder head 
41 communicates to a not-shov^ combustion chamber. Driven valve 14 further includes 
an umbrella-shaped portion 13 formed at the tip end of stem 12 on a side opposite to the 
tip end abutting on disc 20. The reciprocating motion of driven valve 14 causes 
umbrella-shaped portion 1 3 to intimately contact with valve seat 42 or to move away 

15 from valve seat 42, so as to open or close intake port 17. In other words, when stem 12 
is elevated, driven valve 14 is positioned at a valve-closing position. On the other hand, 
when stem 12 is lowered, driven valve 14 is positioned at a valve-opening position. 

In cylinder head 41, a valve guide 43 for slidably guiding stem 12 in an axial 
direction is provided. Valve guide 43 is formed from a metal material such as stainless 

20 steel in order to endure high-speed slide movement with respect to stem 12. A collar- 
shaped lower retainer 53 is provided on an outer circumferential surface of stem 12 at a 
position apart from valve guide 43. Cylinder head 41 has an opening 18 opening toward 
a top surface formed. Opening 18 accommodates lower spring 54 such that lower 
spring 54 is sandwiched between a bottom surface of opening 18 and lower retainer 53. 

25 Lower spring 54 applies the elastic force to driven valve 14 in such a direction that 
lower retainer 53 moves away from the bottom surface of opening 18, that is, in a 
direction elevating stem 12. 

Disc support base 51 has a substantially C-shaped cross-section, and contains 
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electromagnet 30 and electromagnet 35 in an upper portion and a lower portion in its 
enclosed space respectively. Electromagnet 30 is constituted of a coil 32 and a core 31 
formed from a magnetic material and having a surface 31a. Core 3 1 has a shaft portion 
31p, while coil 32 is provided in a manner wound around shaft portion 31p. 
5 Electromagnet 35 is also constituted of a coil 37 and a core 36 having a surface 36a, as 
in electromagnet 30. Core 36 has a shaft portion 36p, while coil 37 is provided in a 
manner wound around shaft portion 36p. Surfaces 31a and 36a face each other with a 
space therebetween, and a space in which disc 20 oscillates is defined between surface 
31a and surface 36a. 

10 Referring to Figs. 1 and 2, disc 20 is formed from a ferromagnetic material of 

high strength. Disc 20 extends from one end 22 to the other end 23 in a direction 
intersecting stem 12. Disc 20 includes an arm portion 21 having rectangular surfaces 
21a and 21b and formed from one end 22 to the other end 23. Surfaces 21a and 21b 
face surface 3 la of electromagnet 30 and surface 36a of electromagnet 35 respectively, 

15 A projection 4 projecting from an edge of arm portion 21 is formed at one end 22 of 
disc 20. Projection 4 extends in a curved manner, and abuts on stem 12 at its tip end. 

A hollow cylindrical shaft-receiving portion 2 having a hole 27 penetrated is 
formed at the other end 23 of disc 20. Disc 20 has a root portion 3 located at the other 
end 23 and extending between shaft-receiving portion 2 and arm portion 21. Root 

20 portion 3 has a thickness T, while arm portion 21 has a thickness t smaller than thickness 
T. According to such a structure, disc 20 is formed vsdth steps being provided between 
surfaces 21a and 21b of arm portion 21 and root portion 3 respectively. For example, 
thickness T is set to 6mm, thickness t is set to 4mm, and the height of the steps lying 
between surfaces 21a and 21b and root portion 3 is set to 1mm. 

25 Upper spring 26 is press-fitted in hole 27, and disc 20 is supported on disc 

support base 51 with upper spring 26 being interposed. According to such a structure, 
disc 20 is provided in a freely oscillating manner around fulcrum 25 located at the other 
end 23. Upper spring 26 applies the elastic force to disc 20 in such a direction that disc 
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20 pivots counterclockwise around fulcrum 25, that is, in a direction lowering stem 12, 
While the electromagnetic force from electromagnets 30 and 35 is not applied, disc 20 is 
positioned by upper spring 26 and lower spring 54 at a position intermediate between an 
oscillation end on a valve-opening side and an oscillation end of a valve-closing side. 

5 A pair of abutment portions 52 located above and below root portion 3 and 

having an abutment surface 52a is provided in disc support base 51. When root portion 
3 abuts on abutment surface 52a, disc 20 is positioned at the oscillation end on the 
valve-opening side and the valve-closing side. More specifically, if root portion 3 abuts 
on lower abutment surface 52a, disc 20 is at the oscillation end on the valve-opening 

10 side. If root portion 3 abuts on upper abutment surface 52a, disc 20 is at the oscillation 
end on the valve-closing side. 

When disc 20 is at the oscillation end on the valve-opening side, that is, when 
disc 20 is attracted toward electromagnet 35, a gap is created between surface 21b of 
arm portion 21 and surface 36a of electromagnet 35. Similarly, when disc 20 is at the 

15 oscillation end on the valve-closing side, that is, when disc 20 is attracted toward 

electromagnet 30, a gap is created between surface 21a of arm portion 21 and surface 
3 la of electromagnet 30. A width of the gap is, for example, 1mm or smaller. 
According to such a structure, disc 20 oscillates in a space defined between surface 31a 
and surface 36a, with root portion 3 repeating abutment on abutment surface 52a but 

20 arm portion 21 not contacting with electromagnets 30 and 35. 

An operation of electromagnetically driven valve 10 will now be described. 
Referring to Fig. 3, when driven valve 14 is at the valve-opening position, coil 37 is 
supplied with a current flowing in a direction shown with an arrow 151 around shaft 
portion 36p of core 36. Accordingly, magnetic flux flows in core 36 in a prescribed 

25 direction, and the electromagnetic force attracting disc 20 toward surface 36a of 

electromagnet 35 is generated. On the other hand, disc 20 resists the elastic force of 
lower spring 54, and is held at the oscillation end on the valve-opening side shovra in Fig. 
3. Here, root portion 3 abuts on abutment surface 52a, and a gap is created between 
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surface 21b of arm portion 21 and surface 36a of electromagnet 35. 

Referring to Fig. 4, simultaneously with stop of current supply to coil 37, a 
current flowing in a direction shown with an arrow 152 around shaft portion 3 Ip of core 
31 is supplied to coil 32. Then, the electromagnetic force generated by electromagnet 
5 35 disappears, and magnetic flux flows in core 3 1 in a prescribed direction, whereby the 
electromagnetic force attracting disc 20 toward surface 31a of electromagnet 30 is 
generated. Disc 20 starts to oscillate toward the intermediate position upon receiving 
the electromagnetic force generated by electromagnet 30 and the elastic force of lower 
spring 54. 

10 Referring to Fig. 5, at a position beyond the intermediate position, disc 20 

oscillates toward the oscillation end on the valve-closing side shown in Fig. 5 against the 
elastic force of upper spring 26, upon receiving the electromagnetic force generated by 
electromagnet 30. Here, root portion 3 abuts on abutment surface 52a, and a gap is 
created between surface 21a of 2U*m portion 21 and surface 3 la of electromagnet 30. In 

15 succession, simultaneously with stop of current supply to coil 32, a current flowing in a 
direction shown with arrow 151 described with reference to Fig. 3 is supplied to coil 37. 
Disc 20 again starts to oscillate toward the oscillation end on the valve-opening side. 

Therecifter, current supply to coils 32 and 37 is repeatedly started and stopped at 
a timing described above. In this manner, disc 20 is caused to oscillate between the 

20 oscillation ends on the valve-opening side and the valve-closing side, so that driven 
valve 1 4 carries out the reciprocating motion as a result of this oscillating movement. 

Electromagnetically driven valve 1 0 according to the first embodiment of the 
present invention includes driven valve 14 having stem 12 serving as the valve shaft and 
carrying out the reciprocating motion along the direction in which stem 12 e>aends, disc 

25 support base 51 having abutment surface 52a and serving as a support member provided 
at a position spaced apart from driven valve 14, disc 20 serving as the oscillating 
member extending from one end 22 coupled to stem 12 toward the other end 23 
supported by disc support base 51 so as to allow fi-ee oscillation of the disc, and 
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electromagnets 30 and 35 applying the electromagnetic force to disc 20. Disc 20 has 
root portion 3 formed at the other end 23 and arm portion 2 1 formed from root portion 
3 to one end 22. Electromagnets 30 and 35 have surfaces 31a and 36a facing arm 
portion 21 respectively. When disc 20 is attracted to electromagnets 30 and 35, root 
5 portion 3 abuts on abutment surface 52a, and a gap is created between surfaces 31a and 
36a and arm portion 21 . 

Arm ponion 2 1 formed from a magnetic material is a portion to which 
electromagnetic force generated by electromagnets 30 and 35 is applied. 
Electromagnets 30 and 35 have cores 31 and 36 provided with surfaces 31a and 36a, 

10 respectively. When disc 20 oscillates, cores 3 1 and 36 are constantly in a state not 

contacting with disc 20. The gap created between surfaces 31a and 36a and arm portion 
2 1 respectively has a substantially uniform width. 

According to electromagnetically driven valve 1 0 in the first embodiment of the 
present invention structured as above, when disc 20 is at the oscillation end on the 

15 valve-opening side and the valve-closing side, root portipn 3 abuts on abutment surface 
52a, and a gap is created between arm portion 21 and electromagnets 30 and 35. As 
such, an area of collision between disc 20 and the electromagnet when disc 20 reaches 
the oscillation end is smaller, so that sound of collision can be lowered. In addition, as 
cores 3 1 and 36 constituting electromagnets 30 and 35 do not receive impact from disc 

20 20, breakage of cores 3 1 and 36 can be prevented. 

In addition, as root portion 3 is located in the vicinity of fulcrum 25 serving as 
the oscillation center of disc 20, the speed when root portion 3 collides with abutment 
surface 52a is slower than on one end 22 side distant from fulcrum 25. Therefore, 
sound produced by collision between root portion 3 and abutment surface 52a can 

25 effectively be lowered. Concurrently, since the impact as a result of coUision between 
root portion 3 and abutment surface 52a is also lowered, fracture or crack of root 
portion 3 can be prevented. This is an effect specific to electromagnetically driven valve 
1 0 of a rotary drive type according to the present embodiment, as compared with the 
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electromagnetically driven valve of a parallel drive type in which an armature attracted 
by the electromagnetic force moves by a net stroke of the driven valve and collides with 
the electromagnet. 

Moreover, according to the present embodiment, root portion 3 has relatively 
5 large thickness T. Therefore, root portion 3 has improved strength, and prevention of 
breakage of root portion 3 can be ensured. Meanwhile, arm portion 21 in which 
particularly high strength is not required has relatively small thickness t. Therefore, the 
total weight of disc 20 is reduced, and electric power to be introduced into coils 32 and 
37 can be suppressed. 
10 (Second Embodiment) 

An electromagnetically driven valve according to the present embodiment is 
structured basically in a manner similar to electromagnetically driven valve 10 in the first 
embodiment. Therefore, description of a redundant structure will not be repeated. 

Referring to Fig. 6, in the present embodiment, arm portion 21 and root portion 
15 3 are formed from different members respectively. Disc 20 is implemented by 

combining these portions. Specifically, arm portion 21 is formed fi-om a ferromagnetic 
material, while root portion 3 is formed fi-om a material of high strength. Root portion 3 
may be formed fi-om a non-magnetic material. Low-carbon iron represents one example 
of a material for forming arm portion 21. Examples of a material for forming root 
20 portion 3 includes high-carbon iron and an iron alloy such as chromium molybdenum 
steel and alloy tool steel SKD (JIS code). 

Referring to Fig. 7, a groove 5 is formed in an end surface of root portion 3 
facing arm portion 21, and a fitting portion 6 projecting firom an end surface facing root 
portion 3 is formed on arm portion 21 . A boundary is welded while fitting portion 6 is 
25 press-fitted into groove 5, so as to join root portion 3 and arm portion 21 together. 

According to the electromagnetically driven valve in the second embodiment of 
the present invention structured as above, an effect similar to that in the first 
embodiment can be obtained. In addition, as root ponion 3 is formed from a material of 
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high strength, prevention of breakage of root portion 3 can further be ensured. 
Moreover, even if disc 20 has a smaller overall thickness, the strength of root portion 3 
can be ensured. In this manner, the total weight of disc 20 is reduced, and electric 
power to be introduced into coils 32 and 37 can further be suppressed. 
5 (Third Embodiment) 

In the following, the electromagnetically driven valve according to the present 
embodiment will be compared with electromagnetically driven valve 10 according to the 
first embodiment. Description of a redundant structure will not be repeated. 

Referring to Fig. 8, an electromagnetically driven valve 50 is a rotary drive type 

10 electromagnetically driven valve. As an operation mechanism for the 

electromagnetically driven valve, a parallel link mechanism is applied. In the present 
embodiment, electromagnetically driven valve 50 includes an upper disc 20m and a 
lower disc 20n coupled to different positions on stem 12 respectively and oscillating 
upon receiving electromagnetic force and elastic force, an electromagnet 60 arranged 

15 between upper disc 20m and lower disc 20n and generating the electromagnetic force, 
and an upper spring 26m and a lower spring 26n provided in upper disc 20m and lower 
disc 20n respectively and applying the elastic force to these discs. Upper disc 20m and 
lower disc 20n are supported in a freely oscillating manner around fulcrum 25 by disc 
support base 5 1 at positions spaced apart from each other in a direction in which stem 

20 12 extends. 

Stem 12 is constituted of a lower stem 12n continuing fi-om umbrella-shaped 
portion 13 and an upper stem 12m connected to lower stem 12n with a lash adjuster 16 
being interposed. Lash adjuster 16 serves to accommodate registration error of driven 
valve 14 at the valve-closing position, as well as to reliably bring umbrella-shaped 

25 ponion 13 into contact with valve seat 42. Lower stem 12n has a coupling pin 12q 
projecting fi-om its outer circumferential surface formed, and upper stem 1 2m has a 
coupling pin 12p projecting firom its outer circumferential surface formed in a position 
apart from coupling pin 12q. In upper stem 12m, a stem guide 45 for slidably guiding 
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upper stem 12m in an axial direction is provided. Stem guide 45 is formed from a 
material similar to that for valve guide 43. 

Upper disc 20m and lower disc 20n are structured substantially similarly to disc 
20 in the first embodiment. On the other hand, one end 22 has an elongated hole 24 
5 formed, instead of projection 4. One end 22 of upper disc 20m is coupled to upper stem 
12m so as to allow free oscillation of the disc by insertion of coupUng pin 12p into 
elongated hole 24 formed in upper disc 20m. One end 22 of lower disc 20n is coupled 
to lower stem 1 2n so as to allow free oscillation of the disc by insertion of coupling pin 
12q into elongated hole 24 formed in lower disc 20n. With such a structure, upper disc 

10 20m and lower disc 20n oscillate around fulcrum 25 respectively, so as to cause driven 
valve 14 to reciprocate. 

Upper spring 26m and lower spring 26n are implemented by torsion bars. Upper 
spring 26m applies the elastic force to upper disc 20m in such a direction that upper disc 
20m pivots counterclockwise around fulcrum 25, that is, in a direction lowering stem 12. 

15 Lower spring 26n applies the elastic force to lower disc 20n in such a direction that 

lower disc 20n pivots clockwise around fulcrum 25, that is, in a direction elevating stem 
12. While the electromagnetic force from electromagnet 60 is not applied, upper disc 
20m and lower disc 20n are positioned by upper spring 26m and lower spring 26n 
respectively at the position intermediate between the oscillation end on the valve- 

20 opening side and the oscillation end of the valve-closing side. 

Electromagnet 60 is constituted of a coil 62 and a core 61 having surfaces 61a 
and 61b facing surfaces 21a of upper disc 20m and lower disc 20n respectively. Core 61 
has a shaft ponion 6 1 p extending in a direction from one end 22 to the other end 23 of 
upper disc 20m or lower disc 20n. Coil 62 is provided in a manner wound around shaft 

25 ponion 61 p. 

Disc support base 51 includes a valve-opening permanent magnet 55 and a 
valve-closing permanent magnet 56 located on a side opposite to valve-opening 
permanent magnet 55 with electromagnet 60 being interposed. Valve-opening 
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permanent magnet 55 has a surface 55a facing surface 21b of lower disc 20n. A space 
in which lower disc 20n oscillates is defined between surface 55a and surface 61b of 
electromagnet 60. In addition, valve-closing permanent magnet 56 has a surface 56a 
facing surface 2 1 b of upper disc 20m. A space in which upper disc 20m oscillates is 
5 defined between surface 56a and surface 61a of electromagnet 60. 

In the present embodiment as well, a pair of abutment portions 52 each having 
abutment surface 52a is provided in disc support base 51, above and below root portion 
3 of upper disc 20m and lower disc 20n, When root portion 3 abuts on abutment 
surface 52a, movement at the oscillation ends of upper disc 20m and lower disc 20n is 

10 restricted. When upper disc 20m and lower disc 20n are at the oscillation end, gaps are 
created between surfaces 21a of upper disc 20m and lower disc 20n and surfaces 61a, 
61b of electromagnet 60, respectively. In addition, gaps are created between surfaces 
21b of upper disc 20m and lower disc 20n and surfaces 56a, 55a of valve-closing 
permanent magnet 56 and valve-opening permanent magnet 55, respectively. 

15 An operation of electromagnetically driven valve 50 will now be described. 

Referring to Fig. 9, when driven valve 14 is at the valve-opening position, coil 62 is 
supplied with a current flowing in a direction shown with an arrow 1 1 1 around shaft 
portion 61p of core 61 . Here, on a side where upper disc 20m is located, the current 
flows from the back toward the front of the sheet showing Fig. 9. Accordingly, 

20 magnetic flux flows in core 61 in a prescribed direction, and the electromagnetic force 
attracting upper disc 20m toward surface 61a of electromagnet 60 is generated. On the 
other hand, lower disc 20n is attracted to surface 55a by valve-opening permanent 
magnet 55. Consequently, upper disc 20m and lower disc 20n resist the elastic force of 
lower spring 26n arranged around fiilcrum 25, and are held at the oscillation end on the 

25 valve-opening side shown in Fig. 9. 

Referring to Fig. 1 0, when current supply to coil 62 is stopped, the 
electromagnetic force generated by electromagnet 60 disappears. Then, upper disc 20m 
and lower disc 20n move away from surfaces 61a and 55a by the elastic force of lower 
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spring 26n respectively, and start to oscillate toward the intermediate position. The 
elastic force by lower spring 26n and upper spring 26m attempts to hold upper disc 20m 
and lower disc 20n at the intermediate position. Therefore, at the position beyond the 
intermediate position, force in a direction reverse to the oscillating direction acts on 
upper disc 20m and lower disc 20n from upper spring 26m. On the other hand, as 
inertia! force acts on upper disc 20m and lower disc 20n in the oscillating direction, 
upper disc 20m and lower disc 20n oscillate as far as the position beyond the 
intermediate position. 

Referring to Fig. 11, at the position beyond the intermediate position, a current 
is again fed to coil 62 in a direction shown with arrow 111. Here, on a side where lower 
disc 20n is located, the current flows from the front toward the back of the sheet 
showing Fig. 11. Accordingly, magnetic flux flows in core 61 in a prescribed direction, 
and the electromagnetic force attracting lower disc 20n toward surface 61b of 
electromagnet 60 is generated. On the other hand, upper disc 20m is attracted to 
surface 56a by valve-closing permanent magnet 56. 

Here, upper disc 20m is also attracted to surface 61a of electromagnet 60 by the 
electromagnetic force generated by electromagnet 60. Here, the electromagnetic force 
is stronger between lower disc 20n and electromagnet 60 because a space therebetween 
is narrow. Therefore, upper disc 20m and lower disc 20n oscillate from the position 
beyond the intermediate position to the oscillation end on the valve-closing side shown 
in Fig. 11. 

Thereafter, current supply to coil 62 is repeatedly started and stopped at a timing 
described above. In this manner, upper disc 20m and lower disc 20n are caused to 
oscillate between the oscillation ends on the valve-opening side and the valve-closing 
side, so that driven valve 14 can carry out the reciprocating motion as a result of this 
oscillating movement. 

In electromagnetically driven valve 50 according to the third embodiment of the 
present invention, upper disc 20m and lower disc 20n serving as a plurality of oscillating 
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members are provided on opposing sides of electromagnet 60 respectively. 

According to electromagnetically driven valve 50 according to the third 
embodiment of the present invention structured as above, an effect similar to that in the 
first embodiment can be obtained. In the present embodiment, as electromagnetically 
driven valve 50 includes a plurality of discs, sound produced by collision between upper 
disc 20m, lower disc 20n and electromagnet 60 tends to be particularly problematic. In 
order to address such a problem, the present invention expected to improve quietness 
can particularly effectively be utilized. It is noted that the disc structure described in the 
second embodiment may be applied to electromagnetically driven valve 50 in the present 
embodiment, and in such a case, the effect achieved in the second embodiment can also 
be attained. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 

Industrial Applicability 

The present invention is mainly utilized as an intake valve or an exhaust valve in 
a gasoline engine, a diesel engine, or the like. 
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